12 United States Patent

Singaraju

US010954106B2

US 10,954,106 B2
Mar. 23, 2021

(10) Patent No.:
45) Date of Patent:

(54) ESCALATOR SYSTEM WITH SAFETY
SENSOR

(71) Applicant: Otis Elevator Company, Farmington,
CT (US)

(72) Inventor: Ravikiran Singaraju, Telangana (IN)

(73) Assignee: OTIS ELEVATOR COMPANY,

Farmington, CT (US)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21)  Appl. No.: 16/537,424

(22) Filed: Aug. 9, 2019
(65) Prior Publication Data
US 2020/0048050 Al Feb. 13, 2020
(30) Foreign Application Priority Data
Aug. 10, 2018  (IN) oo, 201811030190
(51) Inmt. CL
B66B 29/00 (2006.01)
B66B 23/24 (2006.01)
B66B 31/02 (2006.01)
B66B 21/02 (2006.01)
(52) U.S. CL
CPC ... B66B 29/005 (2013.01);, B66B 23/24
(2013.01); B66b 31/02 (2013.01); B66B 21/02
(2013.01)
(58) Field of Classification Search
CPC ........ B66B 31/02; B66B 21/02; B66B 23/24;
B66B 29/005
USPC e 198/322

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,976,345 A 12/1990 Adrian et al.
5,072,820 A 12/1991 Steflen et al.
5,092,446 A 3/1992 Sullivan et al.
5,645,146 A * 7/1997 Bieber ..................... A45C 5/14
190/115
8,061,215 B2 11/2011 Caunce et al.
2003/0136635 Al 7/2003 Lauch
2015/0009015 Al 1/2015 Nakata et al.
2018/0364375 Al1* 12/2018 Naughton ................ GO1V 1/28
2019/0002217 Al1* 1/2019 Ramos .......ccceeen.. EO1D 15/24

FOREIGN PATENT DOCUMENTS

CN 1030304 C * 11/1995 ............. B66B 29/04
CN 105366524 A 3/2016
CN 205170137 U 4/2016
CN 106144872 11/2016
(Continued)

OTHER PUBLICATTONS

Derwent ACC-No. 2018-324981. (Pub-No. CN207258983 (Year:
2018).*

(Continued)

Primary Examiner — Gene O Crawiord

Assistant Examiner — Lester Rushin, II1
(74) Attorney, Agent, or Firm — Cantor Colburn LLP

(57) ABSTRACT

Disclosed 1s an escalator system including handrail, the
system having: a handrail including a handrail base and a
handrail cover operationally connected to the handrail base,
a first sensor disposed between the handrail base and the
handrail cover and a first controller for controlling the first
sensor, and wherein the first sensor processes data repre-
senting a sensed parameter, whereby the system identifies
the occurrence of a trigger event and executes a first respon-
s1Ve measure.

8 Claims, 7 Drawing Sheets




US 10,954,106 B2

Page 2
(56) References Cited
FORFEIGN PATENT DOCUMENTS
CN 106167226 A * 11/2016
CN 205932893 2/2017
CN 106744230 5/2017
CN 106744230 A * 5/2017
CN 200955426 U 2/2018
EP 0960847 Al 12/1999
JP 2005247483 9/2005
JP 2005343647 A 12/2005
KR 101209305 B1  12/2012
KR 101622825 Bl 5/2016
WO 2004014774 Al 2/2004
WO wO02004014174 * 0 2/2004
WO WO0-2004014774 A1 * 2/2004 ... B66B 27/00

OTHER PUBLICATIONS

European Search Report; Application No. 19191345.8; dated Feb.
27, 2020, 7 pages.
Chinese Office Action; Application No. 201910734948.2; dated Jun.
30, 2020, 8 pages.

* cited by examiner



US 10,954,106 B2

Sheet 1 of 7

Mar. 23, 2021

U.S. Patent

:

-
. JEC IEC
+ _ ¥ Yy Y Y Y Y Y Y Y Y Y Y YT Y YTrYYY 4

E o

il K K —

h

+ + + + + -+ +* + + +* + + + +

v

4 ﬂ J...., ....# _:. .::; 1 ___.__m m
AR

+ mﬂ,,”_,, _,,,/ //ﬂ.%@,ﬂgg ﬂ.f .m :: it
++#fffrfrffrﬂfrfﬂﬂﬂ 141 M/Mﬂ mﬂ ﬂﬂﬂ _ﬁ MM M w._w ] ﬂ. | _.ﬂ m

w

+ / LA i

+

\

1

. g o s . il i i i i i i il vl i vl i

%
—

LA I B N NN N R R RN BB BB EEBEEEBEEEBEERBERBEREEBEREBEBEREEBEEEEIEINEBINEIENIEIEINIIEZSIIME,.

+ + + + + +

ELLAMMMMALEERAEN L RSP S T NTTANE RS AL K AN

| %%ﬁ% )

+

—— - —

+

+

g

+ + + *+ + + + + + F + + + +
T, + I——

+

o . . . . . -
T T — - — — - -
.
— v — — — — — -
.
— T — — — — — — =t Y
- . . . .
— v — — — — — -

+

..

g:.--------




US 10,954,106 B2

Sheet 2 of 7

Mar. 23, 2021

U.S. Patent

M
=
Bl
R
Lo
——
Barrnd
=
Goos
-
——]
Sannnd
gl
o
oo
ottic
s
-




U.S. Patent

Mar. 23, 2021

Sheet 3 of 7

Rl

US 10,954,106 B2

FIG. 4

o -

s v

i -

i o A o Y e e th o rh

e

- - —_
e s

™
A ek b i Wk i il e g e i b e "*.u—'l'l""‘

o e . U

b g

Hr drr e e rn e e e b A ain e M’I

—_—r

-_— -

i
e i, e iy gy iy iy oy iy ey iy i ﬂ#

gl chy” e b Bgipd et el i b b ik e el "#M-

L
—— - -
s, oy . o 2 o, —— - - ##p‘"‘-‘
ot R ALt e, e e e e o I'I'l"""""!M,_,,h.,.'.-:M"""'lIIl
R . T e e e il
—_ . T - T
——t T g ————————— i .
—_— - = e, P, e . e 1 . )

e
preren ¥

.7 b, rHE o i =Hr o e e e e o ll‘l""'""*'“
,ﬂ""w

I
il :IL i s o

e
B

- -
—
AT
e
-n-""'d‘
e
—t
aa

4 A e W i vh e erh e ek )

e
,-'-F"F ---l"""""'“"."l e e i - T ——
el _—y o p—— = i p—— - i,
________ i ’_._‘.:.-I-' -ﬂ -‘_-_.-.--- L -
-------- '.".ﬂ‘ —— .-Il-.-.-.--.-.-.-.-.——-.-.-. - R g
'.ﬂ_.h:- s —— —— . e ] e
[ ——— o I I"H'-.': --II.M--i. ————— ﬁ_—mmﬂnﬁ.d.m'ﬁ'—"* E s er
L e e S = .y . g gt iy - b . A =Hr s, e A i A o e sk JE4 AR S it e o Ay A b, v -t e ) Y el ke A e e wwwq&wm'rﬂﬁ'ﬁw" el P I WA L e L P
#_'*ﬂ - - - -—‘.” IHL I':"““.-If . F'-'-'-'-"F'-‘.‘.."-. il
-------- - - pr— o i, I R
-------- a i - ) - - .-- -
——— . P— — - . e r——— ;.—:r'—"‘—.
et e et v’ v v ' -, ap i I e P i e P = ———
i e v S B mhe A e e e ek T BT L H“W - M, rH- T W e
TR S, L L [ -l'\'ll‘-"_: e z - u - Ry Ly Ry il ampriap st
-------- - - -i-_.-;.- -
:-r-l-“ . B - .i.-,.—.-
ieuiostdeotmioiiv vty - T ——— - e s
w e s o s om o it s e
------- - [y * -
— i_- .........
- — —_— - =
- -t 11
------------- — - Y -
- e e e e e s b e e i T - L - e b2 iyl
iy e Sk e by et Rl S B Y i L L "8 P ] e L T e i T e




US 10,954,106 B2

Sheet 4 of 7

Mar. 23, 2021

U.S. Patent

+
+*
+
+

+

“'!i‘l!.'!i.'i! !i.'!".“

rlililliliililil

+
+
+
+
+
+
+
+*
+
+-
I
+
+
+

—_.—.
1

+
+
+
+

=

I,

+ + + + + + F F + F + +

ol

e,
.,

~ -

NH \H
*-«.,k::\.‘
i
+ "-(M

T
e,
e
e

_—
—
—

e
-~
e

e
TS
-.._f""*

S,

e

o
_—

S

e,
.

e
.
S,

_

t
T,
C‘Q

7

+*
+
+
+
+

e ot
+ * L e B K J S +_+
“q\ h T I — kot _+ +

+

+-‘:-H +_‘+H-++ %
""'-:_""'-.
N

i

+

EANNNARENNE RS

1h N
N

RELRALA R |
:__fvv__é%?aa

//é,,,_.,&%_,_,._,.._,. it

+ + + + ¥ + + + + + + + + + + + + +

_7__—__.—..—..-..—..—..—.___

ATRIIAAREIMIAANE

I
I
I
I
I
I
I
I
I
I
+*

FOLE MV DA R SR AT S A R RN

|

T e T e

+
o+
+
i+
+

W S S . S S . S . S

L. . . . . .
L . . . . . =
e e = — - — — -y
L . . . . . —
P - e v — — — — — — -y

e e = — - — — -y

P - v v — — —— — ——Y

L . . . . . —
P - e v — — — — — — -y

+
Lt e e et e e e el e e e e e e D e e e i e el e e

+ + + + +

LR LIV R AN AL R AP LT PR L LY

%ﬁﬁﬁ%&gﬁg




U.S. Patent Mar. 23, 2021 Sheet 5 of 7 US 10,954,106 B2

HANDRATL MONITORING |~ 5200

SENSORS TRANSMITTING THE

DATATO THE
LATOR

+
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

ESCALATOR RECEIVING THE ~$940
TRANSMITTED SENSOR DATA |

ESCALATOR

I0F *
OCCURENCEOFTHE  |—S270
IRIGGEREVENT |

+*
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

NTIFYING THE |
;




US 10,954,106 B2

Sheet 6 of 7

Mar. 23, 2021

U.S. Patent

B idada
..llll.nu.._-.:.-__._..-___.i__..I_......i.....I_.l
_-Il..__l.l-.-..l.. 111111
.fri.:l...i}.]{..‘
.!jf‘.'"
.l-._-_l-._.lﬂ..l_..__l-..,_l.
B
e

/ B,
V4 o .;.,.z;l/f/.f/ sﬂaf!f,mﬁ!ﬂif!f.f{ .\-\. o
i R o s ...x.«.... 7
T S .
S AN
VR SO N33
‘\\ut_.\..
- o

FIG. /

"u.-.lll.-l.u.l...rl-r_l i_’.l(l lt’l.r-n ilf.!l’ i!#
._1.-\.:.._____
.._...1.:1...__.,__.:_:.11 e - t\\u\a
- I..Jifii. / i\!.‘..
u-il.lH_._._-lnl.l. -t - -l.l_r
——r mam ..l.l.._ll.,l..._l...ll..li-.lllh \_\4.-.\’\_\ u.___.._u-_-_ u-_-_u-_-_u-_-. ul_-_-u_-._-..al._-_"__-__.._
T —— F
_ i ........st.\ i ..-i..i.:... -
m - e n w o -
- .l.l.llll-"l..l._llhnul.lullllul u_.-t1-_-. 11_:__._.1 .t.._._.-.__.._.u._-__.. =
m “m ti.:...r..tlltw_..lllllil.lllil.l iiiiiiii - ...Jtt..‘!ci.., -
_— i.t...t.....:i......i.....r:. - u-r-.- o - - lil.._\....._!l_.
_ .ll-.l..!liﬂitftrl.it:riu_ﬁ!.t}.i - ‘.z.-l\.-lll = e a
- ..-_-_-.ul-_-. - ‘l.l\“l\l.‘\
_ m .,1 A e & S
m -t - ._.__.__...._3.__._.. - - u_..__....__.____._.___.....- .._...u.,.....-._...-h ..-_--....,..-._..___-h o
et — it ' IR = - e u.-.l.t.....i ,._.th_._..i:__...___._l..tl_._..til e
“ T 1__.,...__.!-. iy s r — — - - - o _.__....\_.__-..,.___._.n u___...._.._.._n‘__.__..__
]]]]]]]] o 1!._..:..___._..._" u._._.._p__._.....__.__.._ U_-..._..__-.._..l_.. o —— - - ..-Il.!l:..ln u_l.___.._-...__._..__n .-_1.._-...._-__" a..q_-_...n._l.....______._....____" .-___..._._..1....1
n llllllll B a—— e el = -.,.._._..\.._l i I h._.....-....-u....__.. l...l...!l____ua
W ..... u_l.._.._-_i...._._..__ T = ey u_l.-....__..u.-.-._l.. I-_l"ul_-_-_ .-llul.- - _‘.r-llhl..l_l - ulllll.’lllll . L
m —————— i ul._..l...._._i.. wntl t._..._ritfil#i i..u......\”.fﬂ.ﬁtntl 1..._._.......-...1..\1......._\1- — ..l....._..-u. ..__..\I.r-....__.- e
P o e o i poatsiey A R T ttt.ti._i._.t 11;.:\1...\41 =" e e
m ******** T rn S ..__..._._.x.__%t.:...._l.n i It....._.-_t__.._.._...___.-.‘_t 1...-_..___._...-_1. it .t._.l\l.l....\lflr lll\lll.-\l‘ill.ill.-.
j =z S == e s e St ¢ W
et T T u-__...l:._._: am L _._._...__._._z..._._..._.._.___m . .:.__..._....u_.___..__.__._r t_..:wnt___.:_.__.
et __._t,-.__..-l_. i - e vt ull.__-..-.._-_. .-___-_._-.-..._-_n __Il.-.n.__.-......___.-t.___. l-....l.-..._. ._.t...t.u__._......t. AP - “._._.._...___..1....1._
- e bt e b o eIV, oo S, i._lli.lu-_..l -.-.._.!_...l.l...lr.-..lp u.....-..!l...r-_.i__...i e eartd } L
i T feaehin. S W R— P s e et e e .l._..lnu.lll..__.....l_ 11..._“.-..1.-...1__._.._...__.
_ - e .._1._...-.__.__._.._..._... iiiiiiii ul._...__-._-ll..l_i_._.n d_-..-..-.ni.__...__-. u..:ll.ulll -Il....l.._-..l...n L o
m - ek b il ol il - .._.._...u......-r ul.-.-_p..i._...-. e -.l-_.lu.il.l.
....... .I..-r.'.j..l. ...i_..mi..r.-.ﬁ W B WY ey T T L T L T .f-_._..i.r_i... 1..E_l‘l..bllu_l.l.l _I-I-L.l.'- r -‘I.I.nu.lt - l..ll-r.l.l-l..l.n I...-ll.-n...l-l. _l-l.‘.-l_.ll-r.-l
“m — rae= e e e s _.__.._._._...____.__It.._ .......l»t-.....-.....ir it s i o e
b i, .I-.....I...Iln ik o T w
m !!!!!! —— e i g A a RNy it b ti?:.....iti#._...... il ttlh.__-.__...____.u...__,..rl - —
# ................................ e et e e e e .l-.l.-l.l.._-l._-.ll ..l--...-ni-..lll.l-. e e B e e e e .l-.__..l.nu.-_.._ul.ll.l_lr..l..-ll&l.- .._-.‘__..-_-.._._.__._..._-‘..._._.--_n i u...__._.l.:.._._.l._t.:.__r.l_. ._.___-......t._.._._...n .-....!r!,-ﬁ..l—..tl...'._llill.l_. -
— iiiiiii - T o vttt i o N —a—_——— gt T - B R e o e I R ,_t..._.__ta:ti..._it.ii.
H ..... g aﬁi.-t..f\..-. ai.....-..."....f ik R 1‘ .‘.‘..I.‘..l. ———— I l‘iu‘ijr y iiit‘tf‘l
n e ——— il [ - et e fb o st o e g v v e i e I —————— et - .I.I-l.l..ll-ll_..l - ..I.l..._--.lu_.._-l_l.__-_.in
M it s et A, A ML A e e MR L R T T ———— gt = e l.allnl.l.l..-l.l‘ll:!ﬂ. - - e -
m —— .II_. - p——— = e I i o e A L - u........_.._r.._.._-rlli.l..__l..n - u-.l-.ll.llil:l.l. -_ I.I.ll..-u..lll.-:lu._.ill. .
— e i t_........_..__.__....____._...__r._._... _......-__.___.._..-..._._-...-__u...un ull-ll..nl..l..ll. - =
ﬂ !!!!!!! .l'. - — ”..I-‘.-.‘.I“I. i T o e e qln}til-‘.!‘a(.r .'_-.t.tl'.rt.. .-I...ll.lll.l-..‘ .l.-l.ll.l..lul-ll_llrll.
- - - P g T s.iil:i?ii?artlill et s i
_ ““ - .-I.ll._.ltll..l. lul oy iy ey oy !_....l-._-___..l.-....u___..L - ..I.....iiif_..n!.....lr:-......:!:ﬁ b1 H e e .l.......-_..l..__.-...-l.t E..:-lr..l....l.lt.l...l!-ll..l...l
m iiiiiii et it - " IR, e ) pRRAEIS Sl sy 00 ol <rinrpebinc L M ST b T—
# R & S “.-.-. - ” Tl pam— T L - .I_l.l_-.l._l..l.l...-lu_i.l_.itl}l..li... r{i{i}!uﬁ*}}ii?ﬁ
S B = = = e e + slssaastaasa— i o = - - A
T wmr Wwm E M iiiiiiiii po. T ._r.'l e ki el
. et T Té Ao 1 —— -
.|..|. i o v e = - -
ﬁ"" e ——— L L .Lt.: - i 4
“" — s o 41 e e g S



U.S. Patent Mar. 23, 2021 Sheet 7 of 7 US 10,954,106 B2

HANDRAIL MONITORING |~ 5200

ESCALATOR CONTINURS 10 |

RECEIVE TRANSMITTED DATA | ca1p
FROM THE PLURALITY QF 17
SENSORS

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

ESCALATOR DETERMINES
WHEN THE TRANSMITIED

DATA INDICATES THE |
TRIGGER EVENT HAS ENDED

+
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++




US 10,954,106 B2

1

ESCALATOR SYSTEM WITH SAFETY
SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Indian Patent Appli-
cation No. 201811030190, filed Aug. 10, 2018, which 1s
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

The embodiments herein relate to operation of an esca-
lator system and more specifically to an escalator system
with one or more safety sensors.

Escalator safety related incidents are known to occur
based on passenger behavior, including when adults and
chuldren lean on an escalator handrail. Handrails may mal-
function as a result of such misuse.

BRIEF SUMMARY

Disclosed 1s an escalator system including handrail, the
system comprising: a handrail including a handrail base and
a handrail cover operationally connected to the handrail
base, a first sensor disposed between the handrail base and
the handrail cover and a first controller for controlling the
first sensor, and wherein the first sensor processes data
representing a sensed parameter, whereby the system 1den-
tifies the occurrence of a trigger event and executes a first
responsive measure.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the sensed parameter 1s one
or more of pressure, force, weight, impulse and displace-
ment.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the system i1dentifies the
occurrence of a trigger event when system determines that
data processed by the first sensor indicates the sensed
parameter applied to the handrail cover 1s greater than an
acceptable limiat.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the system comprises a
plurality of sensors including the first sensor and a second
sensor, the plurality of sensors being spaced on the handrail
cover, and wherein the plurality of sensors processes data
representing the sensed parameter, whereby the system
identifies the occurrence of the trigger event.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the system i1dentifies the
occurrence of the trigger event when the system determines
that data processed by the first sensor and the second sensor
indicate the sensed parameter applied to the handrail cover
1s greater than the acceptable limut.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the first sensor and second
sensor are lengthwise adjacent along a lengthwise span of
the handrail cover.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the plurality of sensors are
mutually spaced by a same spacing interval.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the system comprises an
escalator, a plurality of controllers including the first con-
troller and a second controller, the second controller being,
an escalator controller that operationally controls the esca-
lator and communicates with the plurality of sensors,
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2

wherein the plurality of sensors processes the sensed data by
transmitting the sensed data to the escalator controller, and
the escalator controller receives the transmitted sensor data,
identifies the occurrence of the trigger event, and executes
the first responsive measure, and wherein the first responsive
measure 1s one or more of stopping the escalator and
providing an alert.

In addition to one or more of the above disclosed features
and elements, or as an alternate, the escalator comprises a
plurality of escalator components, including: steps, the
handrail assembly, a balustrade supporting the handrail
assembly, a plurality of landings including a top landing and
a bottom landing, and the first responsive measure includes
providing the alert, the alert being a visual alert and/or an
audible alert, wherein the alert 1s provided on one or more
of the plurality of escalator components.

In addition to one or more of the above disclosed features
and elements, or as an alternate, while executing the first
responsive measure, the escalator monitors handrail status
may continue to recerve transmitted data from the plurality
of sensors, identily an ending of the trigger event, and
thereafter end the first responsive measure.

Further disclosed 1s a method of operating a handrail for
an escalator system, the system having one or more of the
above disclosed features and elements.

The foregoing features and elements may be combined 1n
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereotf will become more apparent 1n light of
the following description and the accompanying drawings. It
should be understood, however, that the following descrip-
tion and drawings are intended to be illustrative and
explanatory in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s illustrated by way of example
and not limited 1n the accompanying figures in which like
reference numerals 1indicate similar elements.

FIG. 1 illustrates components of an escalator system
according to an embodiment;

FIG. 2 1llustrates a process related to the components 1n
FIG. 1;

FIG. 3 illustrates further components of an escalator
system according to an embodiment;

FIG. 4 illustrates further components of an escalator
system according to an embodiment;

FIG. § illustrates further components of an escalator
system according to an embodiment;

FIG. 6 illustrates a process related to the components 1n
FIG. 5;

FIG. 7 illustrates further components of an escalator
system according to an embodiment; and

FIG. 8 1llustrates a process related to the components 1n

FIG. 7.

DETAILED DESCRIPTION

Turning to FIG. 1, disclosed 1s an escalator system 200.
The system 200 may comprise a handrail assembly 203 that
includes a handrail base 210 and a handrail cover 220
operationally connected to the handrail base 210. Not dis-
closed herein are typical components of a handrail base 210,
including a slider, tension member disposed exterior to the
slider, and 1nner components disposed exterior to the tension
member. The system 200 may include a first sensor 230
disposed between the handrail base 210 and the handrail
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cover 220, and a first controller 240 for controlling the first
sensor 230. The first controller 240 may be an on-board
controller for the first sensor 230.

Reference 1n this document to operational features of the
first sensor 230 may also be construed as reference to the
first controller 240 for implementing controls necessary to
support such operational features. Other components and
related controllers disclosed herein shall be similarly con-
strued.

Turning to FIG. 2, disclosed 1s process S200 of handrail
monitoring by the system 200. Process steps are sequentially
numbered 1n this document to facilitate discussion but are
not intended to 1dentify a specific sequence of preformation
such steps or a requirement to perform such steps unless
expressly indicated. The first sensor 230 may perform step
S210 of processing data representing a sensed parameter.
The sensed parameter may be one or more of pressure, force,
weight, impulse and displacement. From this transmission,
the system 200 may perform step S220 of identifying the
occurrence of a trigger event. Therealiter the system 200 may
perform step S230 of executing a first responsive measure.

More specifically, the system 200 may identify the occur-
rence of a trigger event when the system 200 determines that
data processed by the first sensor 230 indicates the sensed
parameter applied to the handrail cover 220 1s greater than
an acceptable limit. For example, a predetermined limit for
applied weight may be a certain number of pounds. Accord-
ingly, a trigger event may occur when the system 200
identifies the applied weight sensed by the first sensor 230
1s, for example, one or more pounds above the predeter-
mined limit.

Turning to FIG. 3, the system 200 may include a plurality
of sensors, including the first sensor 230 and a second sensor
250, spaced on the handrail cover 220. The plurality of
sensors may be operationally the same as the first sensor
230. According to an embodiment the plurality of sensors
may process data representing the sensed parameter. From
this data the system 200 may identify the occurrence of the
trigger event. According to an embodiment, the system 200
may determine that data processed by the first sensor 230
and the second sensor 250 indicate the sensed parameter
applied to the handrail cover 1s greater than the acceptable
limat.

As 1llustrated 1n FIG. 4, the first sensor 230 and second
sensor 250 may be lengthwise adjacent along a lengthwise
span L of the handrail cover 220. According to an embodi-
ment the plurality of sensors may be mutually spaced by a
same spacing interval L1. The spacing interval L1 may be
for example three inches, though such increment 1s not
intended to be limiting.

Turning to FIG. 5, the system 200 may include an
escalator 260. In addition, the system 200 may include a
plurality of controllers including the first controller 240 and
a second controller 270. The second controller 270 may be
an escalator controller that controls operational parameters
of the escalator 260 and communicates with the plurality of
sensors. The second controller 270 may be housed, for
example, within an electronic control hub 280, illustrated
schematically, housed within or proximate to the escalator
260.

Turning to FIG. 6, for the monitoring process S200, the
plurality of sensors processes the sensed data at step S2350 by
transmitting the sensed data to the escalator 260. The
escalator 260 performs step S260 of recerving the transmiut-
ted sensor data, step S270 of identilying the occurrence of
the trigger event, and step S280 of executing the first
responsive measure. According to an embodiment the first
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responsive measure executed by the escalator 260 may be
one or more of stopping the escalator 260 and providing an
alert.

Turming to FIG. 7, the escalator 260 may comprise a
plurality of escalator components, including steps 300, the
handrail assembly 2035, a balustrade 310 supporting the
handrail assembly 205, and a plurality of landings including
a top landing 320 and a bottom landing 330, both 1llustrated
schematically. Not illustrated hereimn are typical internal
support structures for the steps 300, including a track
disposed on a truss.

According to an embodiment the first responsive measure
may include providing the alert, wherein the alert being a
visual alert and/or an audible alert, and wherein the alert 1s
provided from one or more of the escalator components. For
example, speakers and/or a series of lights may be integrated
into the escalator components such as the steps 300, the
balustrade 310, the handrail cover 220 or other part of the
handrail assembly 203, and the landings. The escalator 260
may stop the handrail and/or provide an alert including one
or more of a tone, verbal warning and flashing lights, to
indicate when the trigger event has occurred. Passengers,
alerted to the trigger event, may then use the handrail
assembly approprately in order to end the trigger event.

Turning to FIG. 8, the handrail monitoring process S200
may include additional steps while eflecting the first respon-
sive measure. At step S310 the escalator 260 may continue
to recerve transmitted data from the plurality of sensors. At
step S320 the escalator 260 may determine when the trans-
mitted data indicates the trigger event has ended. For
example, the transmitted data may indicate that the sensed
parameter applied to the handrail cover 220 1s below the
acceptable limit. Then at step S330 the escalator 260 may
end the first responsive measure. That 1s, the escalator 260
may resume normal operation.

The above disclosed embodiments provide a sateguard for
passengers and handrail equipment using weight-force-pres-
sure sensing devices between a handrail and handrail base.
A multiple of such devices may be placed at mutually
equivalent distances. The sensing devices may sense the
weight-force application by passengers on the handrail. A
default weight-force input at each sensor device may be
configured for certain limits. When the weight from two or
more consecutive sensing devices 1s more than the config-
ured limits, an additional force may be acting on handrail.
For example, passengers may be leaning on a handrail for
support or, for example, children attempting to play. The
disclosed embodiments may provide safeguard that prevents
damage from occurring to the handrail and injuries from
occurring to passengers.

The above disclosed embodiments provide a handrail
movement that may be suspended to avoid damage to the
handrail and 1njury to passengers. The disclosed embodi-
ments may provide an alarm that 1s sounded so that other
passengers and perhaps security personnel may be alerted to
assist 1n the safeguarding process both for the equipment and
themselves.

The above disclosed system comprises a conveyance
system that moves passengers between tloors and/or along a
single floor. Such conveyance systems are identified herein
as escalators, however other application to other forms of
people movers 1s considered within the scope of the disclo-
sure.

As described above, embodiments can be 1n the form of
processor-implemented processes and devices for practicing
those processes, such as a processor. Embodiments can also
be 1n the form of computer program code containing mnstruc-




US 10,954,106 B2

S

tions embodied 1n tangible media, such as network cloud
storage, SD cards, flash drives, tloppy diskettes, CD ROMs,
hard drives, or any other computer-readable storage
medium, wherein, when the computer program code 1s
loaded into and executed by a computer, the computer
becomes a device for practicing the embodiments. Embodi-
ments can also be 1n the form of computer program code, for
example, whether stored 1n a storage medium, loaded into
and/or executed by a computer, or transmitted over some
transmission medium, loaded ito and/or executed by a
computer, or transmitted over some transmission medium,
such as over electrical wiring or cabling, through fiber
optics, or via electromagnetic radiation, wherein, when the
computer program code 1s loaded into an executed by a
computer, the computer becomes an device for practicing
the embodiments. When implemented on a general-purpose
microprocessor, the computer program code segments con-
figure the microprocessor to create specific logic circuits.

The term “about” 1s intended to include the degree of error
associated with measurement of the particular quantity and/
or manufacturing tolerances based upon the equipment
available at the time of filing the application.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the present disclosure. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, element components,
and/or groups thereof.

Those of skill 1n the art will appreciate that various
example embodiments are shown and described herein, each
having certain features in the particular embodiments, but
the present disclosure 1s not thus limited. Rather, the present
disclosure can be modified to icorporate any number of
variations, alterations, substitutions, combinations, sub-
combinations, or equivalent arrangements not heretofore
described, but which are commensurate with the scope of the
present disclosure. Additionally, while various embodiments
of the present disclosure have been described, 1t 1s to be
understood that aspects of the present disclosure may
include only some of the described embodiments. Accord-
ingly, the present disclosure 1s not to be seen as limited by
the foregoing description, but 1s only limited by the scope of
the appended claims.

What 1s claimed 1s:

1. An escalator system comprising:

a handrail including a handrail base and a handrail cover

operationally connected to the handrail base,

a first sensor disposed between the handrail base and the
handrail cover and a first controller for controlling the
first sensor, and

wherein the first sensor processes data representing a
sensed parameter, whereby the system identifies the
occurrence of a trigger event and executes a {irst
responsive measure, and

wherein:

the sensed parameter 1s one or more of pressure, force,
weight, impulse and displacement;

the system 1ncludes a plurality of sensors, including the
first sensor and a second sensor, the plurality of sensors
being disposed between the handrail base and the
handrail cover and lengthwise spaced along a length-
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wise span of the handrail cover by a same spacing
interval so that the first sensor and second sensor are
lengthwise adjacent along the lengthwise span of the
handrail cover,
the plurality of sensors processes data representing the
sensed parameter, whereby the system identifies the
occurrence of the trigger event, and the system 1denti-
fies the occurrence of the trigger event when the system
determines that data processed by two or more adjacent
ones of the plurality sensor indicate the sensed param-
cter applied to the handrail cover 1s greater than the
acceptable limat.
2. The system of claim 1, comprising
an escalator,
a plurality of controllers including the first controller and
a second controller, the second controller being an
escalator controller that operationally controls the esca-
lator and commumnicates with the plurality of sensors,

wherein the plurality of sensors processes the sensed data
by transmitting the sensed data to the escalator con-
troller, and the escalator controller receives the trans-
mitted sensor data, identifies the occurrence of the
trigger event, and executes the first responsive measure,
and

wherein the first responsive measure 1s one or more of

stopping the escalator and providing an alert.

3. The system of claim 2 wherein

the escalator comprises a plurality of escalator compo-

nents, mcluding:

steps,

the handrail assembly,

a balustrade supporting the handrail assembly,

a plurality of landings including a top landing and a

bottom landing, and

the first responsive measure includes providing the alert,

the alert being a visual alert and/or an audible alert,
wherein the alert 1s provided on one or more of the
plurality of escalator components.

4. The system of claim 3 wherein

while executing the first responsive measure, the escalator

monitors handrail status to receive transmitted data
from the plurality of sensors, identifies an ending of the
trigger event, and thereafter ends the first responsive
measure.

5. A method of operating a handrail for an escalator
system, the system comprising:

a handrail assembly including a handrail base and a
handrail cover operationally connected to the handrail
base,

a first sensor disposed between the handrail base and the
handrail cover and a first controller for controlling the
first sensor, and

wherein the first sensor processes data representing a
sensed parameter, whereby the system identifies the
occurrence of a trigger event and executes a first
responsive measure, and

wherein:

the sensed parameter 1s one or more of pressure, force,
weight, impulse and displacement,

the system includes a plurality of sensors, including the
first sensor and a second sensor, the plurality of sensors
being lengthwise spaced on the handrail cover by a
same spacing interval so that the first sensor and second
sensor are lengthwise adjacent along a lengthwise span
of the handrail cover,

the plurality of sensors processes data representing the
sensed parameter, whereby the system identifies the
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occurrence of the trigger event, and the system 1denti-
fies the occurrence of the trigger event when the system
determines that data processed by two or more adjacent

ones of the plurality sensor indicate the sensed param-
cter applied to the handrail cover 1s greater than the
acceptable limiat.

6. The method of claim 5 wherein the system comprises

an escalator,

a plurality of controllers including the first controller and

a second controller, the second controller being an 1¢

escalator controller that operationally controls the esca-
lator and commumnicates with the plurality of sensors,

wherein the plurality of sensors processes the sensed data
by transmitting the sensed data to the escalator con-
troller, and the escalator controller receives the trans-
mitted sensor data, identifies the occurrence of the
trigger event, and executes the first responsive measure,
and

wherein the first responsive measure 1s one or more of
stopping the escalator and providing an alert.

15
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7. The method of claim 6 wherein

the escalator comprises a plurality of escalator compo-
nents, icluding:

steps,

the handrail assembly,

a balustrade supporting the handrail assembly,

a plurality of landings including a top landing and a
bottom landing, and

the first responsive measure includes providing the alert,
the alert being a visual alert and/or an audible alert,

wherein the alert 1s provided on one or more of the
plurality of escalator components.

8. The method of claim 7 wherein

while executing the first responsive measure, the escalator
monitors handrail status to receive transmitted data
from the plurality of sensors, identifies an ending of the
trigger event, and thereafter ends the first responsive
measure.
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